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PaccMoTpen Bompoc 0 BO3MOKHOCTH MCIOJIB30BaHUST OMMHOYHOM JIMH3bL, BCTPOCHHOM B 00JIaCTH COCPEIOTOYCHUS
3JIEKTPHYECKOTO I0JIsl pe30HATOPA, A1 MOYJILIMU 3JIEKTPOHHOIO MOTOKa 10 ckopocTH. [lokasaHo, 4To mpuMeHeHue
OIVMHOYHOM JIMH3Hl B Ka4eCTBE MOJYJIATOPA II0 CKOPOCTH HE BJIMSCT Ha BEJIMYMHY Kod(QuuueHTa B3anMoaeicTBus
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BBepeHune

B anextpornke CBY miist pacdera n co3maHus MOIIHBIX
ycwIuTeslell M TeHepaTopoB OoJIbIIOE BHUMAHHE YACIAIOT
(hopMHUPOBAHMIO MOITHOTO 3JIEKTPOHHOTO MOTOKA Pa3JINd-
HOU KOH(UIypallui M €ro TPaHCIOPTHPOBKE Ha 3HAYU-
TeJIbHBIE paccTosiHUsA. Teopun GopMIpPOBaHMS 3JIEKTPOHHBIX
MYYKOB OOJIBIION MHTEHCHBHOCTH IOCBSIIEH s UCCIIENO-
Baumii [1-3]. M3BecTHBI CIOCOOB TPaHCHOPTHPOBKH 3JICK-
TPOHHBIX MOTOKOB B mpubopax CBY ¢ KIUCTPOHHBIM Me-
XaHU3MOM B3aUMOJCHCTBUS MEXKIY BXONHBIM U BBIXOTHBIM
PEe30HATOPaMH TIOCPEICTBOM PA3JIMYHBIX CTATHYCCKUX JJICK-
TPUYECKUX 1 MATHUTHBIX osieil [4]. HeobxomuMocTs mpume-
HEHUs YKa3aHHBIX [T0JIei 00YCIJIOBJICHA BIIMSHIEM O0BEMHBIX
3apA0B U KYJIOHOBCKMX CWJI PAacTaJKHBaHHUsA IPOCTpaH-
CTBEHHOT'O 3apsiia Ha TPACKTOPHIO ABWKCHUS 3JICKTPOHOB.
Kax mpasuito, Qoxycupyromue feficTBUS 3JIEKTPUYECKUX U
MarHWTHBIX IIOJIEH OCYHIECTBIIAIOTCS B apeiidoBom mpo-
crparctee CBY-ipubopos. B pabote [5] mokasana BO3MOK-
HOCTb HCIOJIb30BAHUS ONMHOYHOM JIMH3BI JJI1 OCYIIECTB-
JIeHus1 (POKYCHPOBKH ITIOTOKA 3JICKTPOHOB B BEPTHUKAJIBHOM
HalpaBJICHA! B NPSIMOIPOJIETHOM KJIMCTpPOHE. DTa 3ajava
pelmeHa B MEpBOM NPUOIMKCHUM ITyTEM peIIeHHus aud-
(bepeHIMaIbHOTO YpaBHEHUS MJI TPACKTOPUH 3JICKTPOHOB,
ABIKYIIMXCS B 3JIEKTPOCTATHYECKOM II0JIE C BpalIaTeIbHON
cumMeTpueil. [TokasaHo Taxke, 9To AJIMHA Apeii(oBoro npo-
crpaHcTtBa L momkHa paBHATbCA (OKYCHOMY PacCTOSIHHIO
OIWHOYHOU JIMH3HIL.

BbipaxeHue gna koadduumeHrta
B3aMMoAeNcTBUA NOTOKa 3/IEKTPOHOB C
CBY-nonem oguHOYHOI NNH3bI

PaccMOTpUM TPEXIJICKTPONHYIO OMMHOYHYIO JIH3Y, JICK-
TPOIBI KOTOPOH COCTOSAT M3 TPeX IUIOCKHX COOCHBIX IHa-
(parM, pacrnoIOKEHHbIX Ha PABHOM PACCTOSIHHM S APYT OT
Apyra, HapauleJIbHBIX Mexay coboi (puc. 1).
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OceBoe pacrpesiesIeHie 3JIEKTPOCTATHIECKOrO MOTEHIMA-
sa ®(z) mpexcraBuM B Buae [6-8]

O &
c1>(z)_c1>0<1 1+($)2>’ (1)

rie ®) — moTeHMan CBOGOIHOrO MPOCTPAHCTBA, X° —
napameTp, u3MeHsomuiica B npegenax 0 < x2 <1, d —
mametp orsepctuil auagparm. Hawamo koopamHar coBme-
CTHM C IIJIOCKOCTBIO CPEJHETO JIEKTPOAA, a OCh Z SIBJISIETCS
OCbl0 cummeTpuu cucTeMbl. ITycTh Ha KpaiiHue 371eKTpOons!
OJIMHOYHOM JIMH3bl TOJAETCd INEPEMEHHOE HaIpPsKEHUE C
4acTOTON w M aMIuuTynoit Up,

u = Upsinwt. (2)

O0603HaYNM gepes tp MomeHT MIPOXOXKAEHUSA HEKOTOPOI'o
QJICKTPOHA Y€PE3 LHECHTP CPEAHETO IJICKTpOOda JIMH3bL. Tor):[a,
r[peHe6peraﬂ MaJIbIM H3MEHEHHEM CKOPOCTU DJJICKTpOHA
BHYTPU JIMH3BI, MOKHO HaIlMCaTb

z
t—to-l-ﬁ—o. (3)

IlosiHas kuHETHYECKAs SHEPrusd 3JICKTpPOHA, BOLICAIIETO B
JIMH3Y C HavyaJIbHOM CKOPOCTBIO

2ed,

Ha BBIXOAE€ M3 JIMH3bl UMEET BEJIMUNHY
W = edy + AW, (5)
e mpupalleHue KuHeTudeckoil sHeprun AW MoxeT ObITh

NIPEACTaBJICHO B CJICAYIOIIEM BHUIE:

S

eU
aw =S Usin<wto + %j)dz

S

+ = [ ®'(2)sin (a)to — %Z)dz]. (6)
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Puc. 1. TpexanexrponHas onuHOYHas mH3a. [lepeMeHHOe Hanpsi-
JKCHUE TIOAeTCH K KPaiHUM 3JICKTPOIaM.

ITpuxu obo3ravaroT muddepeHnrpoBaHne O KOOPIAWHA-
Te z. [locne uHTErpupoBaHUs NpHUpalleHue KUHETHYECKOMH
SHEPIHU MOXKET OBITh MPEICTABJICHO B BUIC

AW = eUp, {M - ﬁﬂle 1(2)} sin Qto
0

0
+ 5% —sin = + ﬂlez(z) coswty.  (7)
2 %

3aech BBEACHBI cjeaymmue 0003HAYCHUS:

11(z) = /f(z)sin (:)Tjdz, (8)

1,(2) z/sf(z)cos (:)T:dz, 9)
f(z) = {1 n <§ﬂl (10)

__ 2ws .
Bemruuna 6 = =72 XapakTepusyeT HEBO3MYILICHHBIH yroji

IIpoJieTa 3JICKTPOHOB dYepe3 JIMH3Y, a depe3 M obo3HadeH
KO3(GULUEHT B3aUMOJCHCTBUS 3JIEKTPOHHOIO IIOTOKa C
MIEPEMEHHBIM TI0JIEM OJMHOYHOM JINH3BI

_sin(6/2)

IpoBeneHHbIe pacueTsl MOKa3bBAIOT, YTO UHTErpai |1(z)
oOparmaeTcd B HyJlb, T.€. IPUMEHEHUE OIUHOYHOH JIMH3HI B
Ka4ecTBe MOMYJIATOpPa IO CKOPOCTH HE BJIUSIET HA BEJIMYU-
Hy Ko3({duIeHTa B3auMOIECHCTBHS JIEKTPOHHOTO MOTOKA
C TOJIEM JIMH3bL. BO-BTOpBIX, BBHAY MaJIOCTH IOJIOBUHBI
HEBO3MYIIEHHOTO YIJIA IIPOJIETa IIPY BHIIOJIHECHUH YCJIOBHS

S
s:/f(z)cos 92 4z, (12)
Yo
—s

COXpaHACTCA CI/IHyCOI/I)laJIbeIﬁ 3aKOH M3MCHCHHUSA ITpUpame-
HUSA KAHETUYECKON SHEPIrun

AW = eMUp, sin wt. (13)

Torma ¢ y4yeroM MajIOCTH aMIUIMTYAbl NEPEMEHHOIO Ha-
npsokerust (Up < @) Mo CpaBHEHMIO ¢ MOTEHIMATIAMH Ha
KpalHUX AJIEKTPOaX OIWHOYHON JIMH3BI CKOPOCTH 3JICKTPO-
Ha ¥ Ha BBHIXOOEC M3 JIMH3BI MOXET OBITh MpercTaBJiCHa
CJIeIyIoUM 00pa3oMm:

fmﬁo(w MUn
0

sin a)t()). (14)

Takum 00pasoM, NPUMEHEHHE OIMHOYHON JIMH3B B Ka-
YEeCTBE MOMYJISATOPA SJIEKTPOHHOIO TMOTOKA 110 CKOPOCTH
NPaKTUYECKH HE MCHSICT BEJIMYMHY KO3(dHIMEHTa B3anMO-
[EACTBUSI 3JIEKTPOHHOIO TOTOKA C IOJIEM JIMH3bL, OIHAKO
HAJIMYAE CPEIHEro SJIEKTpoga ¢ moreHimanoMm D¢ paer
BO3MOXKHOCTb OPraHH30BaTh OOBEMHYIO (POKYCHPOBKY 3JICK-
TPOHHOTO TIOTOKA B BEPTHKAJILHOM HaIPaBIICHHH.

Hep,OCTaTKI/I BXOAHOIro pe3oHartopa
KJINCTPOHAa Kriaccu4yeckom cxembl

B oOvemHOM pe3oHaTOpe poOJIb COCPEIOTOUYCHHOU €M-
KOCTH WIrpaeT IUIOCKUH 3a30p B BHUIE IUIOCKONApasuIeib-
HBIX CETOK B IIGHTPE PE30HATOpa, POJIb COCPENOTOUYEHHON
WHIYKTHBHOCTH — TOpOWpaajbHas noBepxHocTb. B CBU-
pudopax ¢ KJIUCTPOHHBIM MEXaHU3MOM B3aUMOJECHCTBUSA B
Ka4eCTBE BXOOHBIX U BBIXOTHBIX YCTPOMICTB HCIIOJIb3YIOTCS
O0ObEMHBIC PE30HATOPBH. EMKOCTh BXOHHOIO pE30HATOpa
HaXOOUTCS IOJ BBICOKHM MOJIOKUTEbHBIM IOTEHIUATIOM,
TaM € COCPENOTOYEHO MPEUMYIIECTBEHHO 3JIEKTPUUYECKOE
BBICOKOYacTOTHOe mosie. Ilox meiicTBueM 3TOro BBICOKO-
YAaCTOTHOTO TIOJIS1 3JIGKTPOHHBEI MOTOK MOMYJIMPYETCS IO
CKOPOCTH, B [JaJbHEHIIEM MEpexofsd B MOIYJALMIO IO
IUIOTHOCTU B ApefioBoMm mpoctpanctBe CBY-npubopa, a
B BBIXOTHOM PE30HATOPE CHUMAIOT 3HEPTHI0 MOIYINPOBaH-
HOTO 3JIEKTPOHHOTO TOTOKA MpPU BXOXKICHUU B BBIXOTHOU
pPE30HATOP B TOPMO3AIIEM PEKUME JIEKTPUIECKOTO MOJIA.

HenocratkaMu omcaHHOTO BBIIIE BXOJHOIO PE30HATOpa
ABJIIETCS, BO-IIEPBBIX, HAJIUYHE CETOK, SBJIAIOMIUXCS Me-
XaHMYECKOW IMperpafoil Ha IyTH IMOTOKa 3JIEKTPOHOB, BO-
BTOPBIX, MPOBUCAHUS 3KBUIOTCHLHUAIbHBIX IMOBEPXHOCTEH
BOJIN3M CETOK, OKa3blBAIOLIME paccerBarollee ACUCTBHE Ha
9JIEKTPOHBL. JTH (PaKTOPBI CHIKAIOT BEJIMYMHY KOHBEKIU-
OHHOTO TOKa M TE€M CaMbIM MOHIKaT MomHocts CBY-
npudopa. [ToaToMy B TpamurmoHHbIx cxemax Takux CBY
MprOOPOB BO3HHUKAET HEOOXOMMMOCTh HCIOJIb30BAHHUS pas-
JINYHBIX TPAHCHOPTUPYIOMMX CHCTEM B Jpei(hOoBOM Ipo-
CTpPaHCTBE: CUCTEMbI OJTHOPOTHOT'O UJIM HEOTHOPOTHOTO Mar-
HHUTHOTO TOJIfl, CHCTEMbl OJTHOPOTHOTO MJIM HEOTHOPOIHOTO
9JIEKTPHYECKOTO TTOJIA.
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Puc. 2. ToponpnaybHEI Pe30HATOP ¢ 3JIEKTPOCTATHYECKOH (OKY-
cupoBkoil. [losgcHenuss — B TekcTe.

Mpenmywectsa NnpegnaraeMoin cxembi
BXOAHOro pe3oHaropa

[TonoxutenbHbI pe3ysbTaT JOCTUraeTcsi TeM, YTO BMe-
CTO EMKOCTH, COCTOSIICH M3 JIBYX HapaJUICJIbHBIX CETOK,
IJIe COCPENOTOYCHO CBEPXBBICOKOYACTOTHOE JICKTPHUYECCKOE
TI0JIe, UCIIOJIb3YeTCA OIMHOYHAs JIMH3a, COCTOAINAs U3 Tpex
ouadparm.

Ha puc. 2 npexncraBieHa KOHCTPYKLMs IpeRsiaraéMoro
ycrpoiicta [6]. JlaHHOE yCTpOMCTBO HpencTaBisiecT coOOM
TOPOUIAJIbHBINA pe30oHaTop I/, B KOTOPOM B 00JIacTH cocpe-
IDOTOYCHHUS BBICOKOYACTOTHOI'O 3JICKTPUYECKOrO IIOJISl yCTa-
HOBJICHA OIMHOYHAsI JIMH3a, COCTOsIIas M3 Tpex auadparm
C KpYyIJIIMM OTBEPCTUSIMU PaBHOIO [HMaMeTpa, KpaiiHue
JIEKTPOBl KOTOPOU 2 HAaXONATCS IO OOUHAKOBBIM BBICO-
KUM YCKODSIOIIMM IOTEHLMAJIOM; Ha OTU K€ BJICKTPOJBI
NOJaeTcsl BBICOKOYACTOTHOE aJieKTpudeckoe mose. Cpen-
His guadparmMa 3 YCTaHABJIMBACTCS C TMOMOINBIO TOHKUX
IPOBOAAIIMX HUTEU 4 , MPOINYIIEHHBIX 4Yepe3 Ipopesu J,
Hapajule/IbHble JIMHUAM TOKa, PACIOJIOKEHHbIE HA INPOTHU-
BOIIOJIOXKHBIX TOBEPXHOCTSIX TOPOHWIA; Ha Hee IOJacTCs
NOTEHIHAI, OTVINYAIOIIUNCS OT MOTECHIMAIOB, TOTAHHBIX HA
KpaiiHue quagdparmsl.

COBOKYITHOCTB TpeXx auadparM — 3TO ONUHOYHAS JIMH3A,
(OKyCHOE PACCTOSIHHE KOTOPOil PEryJMpyeTcs MOTeHIHa-
JioM cpenneit ¢ nuagpparmol

BHenHne 37€KTpoabl OOMHOYHOM JIMH3Bl HAXOAATCH TPH
noteHiuaie Py, paBHOM MOTEHIUATY OKPY’KAIOIIEro JIMH3Y
IPOCTPAHCTBA, a NoTeHIMaa ¢ Ha BHYTpPEHHEM 3JICKTpOfe
MO)XET OBITb OOJIbllle MJIM MEHbIe HNOTCHIMajla BHEIIHUX
anektponoB. ONMHOYHAS JIMH3a BO BCEX CiIydyasx Oymer
cobuparomieit mH30# [9]. Mbl npeamnonaraem, uro ¢ > Py,
Takoil pe3oHaTOp MMeeT BO3MOXHOCTb OCYIIECTBJIATH Bep-
TUKAJIbHYIO (DOKYCHPOBKY 93JISKTPOHHOI'O IIOTOKAa B IIPH-
6opax CBY c KJIUCTPOHHBIM MEXaHHU3MOM B3aUMOJCH-
crBus [6,8].
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3aknioyeHune

Takum oOpa3oM, TOpOUIAIbHBIA PE30HATOp Ipeasiarae-
MO KOHCTPYKLIUHM MOKET BBIIOJIHAITD OJTHOBPEMEHHO POJIb
MOZYJIITOPA 3JIEKTPOHOB 10 CKOPOCTH, C OHON CTOPOHBI, 1
TPaHCIIOPTHUPYIOIIEH CHCTEMBI B ApeiioBOM MpoCTpaHCTBeE,
C Jpyrof, U MOTOK CIyCTKOB B3JIEKTPOHOB MOXET OBbITb
c(OKyCHpOBaH Ha IOBEPXHOCTH BXOJHOTO OKHA BBIXOIHOIO
pesoHaTopa. Takoil pe3oHaTOp € 3JIEKTPOCTATHYECKOH (o-
KyCHUPOBKO# crmocobcTByeT moBbimeHnio MmommHoctn CBY-
MIprOOPOB KJIIMCTPOHHOT'O THIIA 32 CYET YBEINICHHUS KOHBEK-
[IMOHHOTO TOKA.

Cnucok nuteparypbl

[1] Sushkov A.D., Molokovsky S.L. Investigation of electron guns
with electron beam current control. 3-Czechosl. Conf on
electronics and vacuum. Phys. Transactions. Prague., 1967.
P. 577-588.

[2] Osuapos B.T. // PD. 1968. Ne 8. C. 1367-1378.

[3] Kopmuauyun B.T, Osuapos B.T // PD. 1960. Ne 7. C. 1112—
1117.

[4] Monokosckuii C.H, Cywxos AJ]. VIHTEHCUBHBIE 3JIEKTPOHHBIE
u noHHble my4ykn. M. 1991. 304 c.

[5] Haymenos T, Xusuposa M.A. // N3B. By3oB. ®Pusuka. 2016.
T. 5. Ne 1. C. 16-19.

[6] IMarent PK Ne 23239. [Jaymernos T. ToponnayibHbIi pe30HATOP
C 2JIEKTPOCTaTUYECKOU (HOKYCHPOBKOIL.

[7) Haymernos T // Uzbek J. Physics. 2009. T. 11. Ne 1. C. 47-51.

[8] Haymernoe T // Tesuckl mOKIIaga K AEBSTOMY BCEPOCCUHCKOMY
ceMuHapy ,,IIpobeMel TeopeTHYecKol M NPUKIATHOH 3JIeK-
TPOHHOH M MoHHO# ontuku ‘. M. 2009. 62 c.

[9] Keavman B.M, Heop CA DnexrponHas omruka. JI: Hayka,
1968. 488 c.



